Two puerulus larvae of the spiny lobster Panulirus longipes were successfully obtained through the rearing of newly hatched phyllosoma larvae fed with diets of Artemia and gonads of the mussel, Mytilus galloprovincialis, in the laboratory. Their durations of phyllosoma were 281 and 294 days, respectively, at 26.0°C during initial 110 days of rearing and thereafter 24.5°C. The numbers of instars in their phyllosoma phase were estimated at 21 and 23. Based on the morphological features of 55 specimens, the phyllosoma phase of P. longipes was divided into 10 stages. The present study provides a description and illustration for each stage. Body length in stage I was 1.78 mm, an average (n = 4), and in stage X it was 34.6 mm (n = 1). The present study cannot show the morphological differences between phyllosoma larvae of P. longipes and Panulirus japonicus.
INTRODUCTION
The spiny lobster Panulirus longipes (A. Milne Edwards, 1868) is widely distributed in tropical and subtropical areas of the Indo-Western Pacific region from East Africa to Japan and Polynesia. [1] [2] [3] Panulirus longipes exhibits considerable variations in color and morphology and has been generally divided into two subspecies, Panulirus longipes longipes and Panulirus longipes femoristriga (von Martens, 1872). Moreover, some forms of coloration have been recognized in P. l. femoristriga. 3, 4 Recently, Chan and Chu observed another form with inner antennular flagella which are entirely whitish in P. l. femoristriga; 5 it was described as a new species, Panulirus albiflagellum, on the basis of the examinations of morphological features and electrophoretic analysis of allozymes.
Several investigators have described P. longipes phyllosoma larvae using plankton samples and laboratoryreared specimens. [6] [7] [8] [9] [10] The descriptions, however, are rather brief and restricted to some appendages. Since phyllosoma larvae of the Panulirus japonicus group (classified by George and Holthuis, 1 including P. longipes) are very similar in morphology, it is impossible to distinguish them based on the present morphological criteria. 7, 8 As Robertson, 11 and Ito and Lucas 12 stated that the most desirable method to investigate the entire developmental series of phyllosoma larvae consists of rearing larvae hatched from a known parent to the puerulus stage in the laboratory. Hence, many attempts at rearing of Panulirus phyllosoma larvae have been done. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] However, the long period of larval development (along with inadequate knowledge about optimal rearing conditions) has limited the number of successful instances of larval being completely developed in laboratory settings. Panulirus japonicus is the only species which has been reared through all of the phases in phyllosoma development to the puerulus stage. [18] [19] [20] [21] Concerning P. longipes, Saisho and Nakahara cultured the phyllosoma larvae hatched in the laboratory, and obtained 4th instar larvae in the 42 days' rearing. 22 In the present study, newly hatched phyllosoma larvae of P. longipes were successfully reared to the puerulus stage. The purpose of the present study is to report on the growth of phyllosoma larvae in the laboratory settings and to describe a complete series of phyllosoma stages.
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gonads of the mussel, M. galloprovincialis. The body length of Artemia given gradually increased from 0.8 mm in the 5th instar larvae to 4 mm as the larvae further developed. Accordingly, the density of Artemia decreased from 2 to 0.3 individuals per mL. The size in the pieces of mussel gonads also increased from approximately 0.25 to 3.5 mm 3 as the larvae grew. The numbers of mussel pieces put in each 120 mL cup and 400 mL cup were 10-12 and 14-15, respectively. Artemia and mussel gonads were supplied daily when the rearing water was changed.
Mass culture
For the purpose of obtaining samples for morphological examination, 313 of the hatched larvae were reared in groups. The larvae were placed in eight 1.4 L glass bowls containing 1.2 L of filtered seawater (36-41 larvae in each bowl) and reared in a still-water system. When most larvae reached the 5th instar, they were transferred to two 40 L acrylic tanks 21 and reared in a flow-through system. When the number of survivors decreased to seven at 150 days after hatching, the larvae were individually reared in 400 mL glass cups under static conditions. Water temperature was kept at a similar temperature for the individual culture by a thermostatically controlled water bath and the unit to supply seawater of constant temperature (Aquatron-portable APS-206A; Koito Industries Ltd, Yokohama, Kanagawa, Japan).
The phyllosoma larvae were fed with the same items used in the individual culture. The density of Artemia during flow-through rearing decreased from 1.0 to 0.3 individuals per mL with the increase in body size of Artemia. Approximately 50-60 pieces of the minced mussel gonad were supplied once a day in each acrylic tank.
The survival rate in the mass culture was calculated by dividing the number of survivors by the whole number (313) minus the number of larvae sampled for observation and transferred to the individual culture.
In the present study the term 'instar' refers to the intermoult period between two ecdyses. For example, a phyllosoma larva newly hatched is a 1st instar larva, and it will be a 2nd instar larva after the first ecdysis. The term 'stage' is used to describe a morphological distinction of phyllosoma larvae. Consequently, a stage can include one or more instars.
Measurements of body dimensions and morphological observations
Body lengths in the individual culture were measured with the Nikon profile projector (V-12A; Nikon Ltd, Chiyoda, Tokyo, Japan). Measurements were made every 2-7 days after moulting; special care was taken to avoid
MATERIALS AND METHODS

Lobsters
Two females (A: 70.1 mm and B: 74.9 mm, in carapace length) of P. longipes were obtained from the southwestern coast of Japan off Amami-ohshima Island on 30 April 1996. These lobsters had longitudinal lines on all legs, corresponding to the subspecies, Panulirus longipes femoristriga. Because they also had inner antennular flagella with white cross-bands, they could be identified as the form 'shirahige-ebi' by Sekiguchi 3 in P. l. femoristriga. At the time of capture, both females had spermatophores at the rear end of sternum. The lobsters were packed in a foaming polystyrol box with sawdust when they were captured. They were transferred to the Fisheries Research Institute of Mie at Hamajima, Mie Prefecture, within 2 days of capture. They were then maintained in a flow-through aquarium and fed with the mussel, Mytilus galloprovincialis. Water temperature was kept at 25 ± 1°C by a titanium heater (Nitto Ltd; TH2-1, 1 kW) which was controlled thermostatically. The two females spawned on 5 and 6 May, respectively, and hatching occurred on 26 and 27 May. A total of 323 larvae, hatched on 27 May from female B, were used in the present study.
Individual culture
Ten hatched larvae were reared individually in a stillwater system to better discern features relating to growth and development. Each individual was placed in a 120 mL glass cup with 100 mL seawater filtered with 0.45 mm-mesh filter, and intermoult period and moult increment in body length were monitored. After the 100th day of hatching, they were placed in 400 mL glass cups with 350 mL seawater. Since the number of survivors gradually decreased with development, 21 individuals in the mass culture, outlined below, were transferred to the individual culture at 100th day of rearing. These larvae were estimated to be in the 11th or 12th instar. The rearing seawater was changed daily after checking for exuviae and for larvae that had died. Water temperature was maintained at 26.0 ± 0.3°C until 110th day of hatching, when the body length of larvae was approximately 10 mm in average, and thereafter kept at 24.5 ± 0.2°C according to the rearing method by Matsuda and Yamakawa for P. japonicus phyllosoma larvae. 20 The temperature was controlled using thermostatically regulated water bath. Light conditions were not controlled except to prevent exposure to direct sunlight.
The 1st to 4th instar larvae were fed with only Artemia nauplii (approximately 0.6 mm in body length) at a density of four nauplii per mL. From the 5th instar onward, they were fed with Artemia cultured with the diatom, Phaeodactylum tricornutum, and finely minced H Matsuda and T Yamakawa damaging the larvae. Body length (BL) in phyllosoma larvae refers to the length from the anterior margin of the cephalic shield between the eyestalks to the posterior end of the abdomen. Body length in puerulus larvae was measured from the anterior margin of the cephalothorax between the orbital spines to the posterior margin of the telson on the median plane.
Fifty-five phyllosoma larvae, ranging from 1.76 to 34.6 mm in BL (2-5 larvae for each instar from the 1st to 8th and 27 in total beyond the 8th instar) were sampled from the mass culture for observation. They were preserved in 70% alcohol after being prepared in 5% buffered formalin. Drawings and measurements for the fixed specimens were also made with the profile projector. Various body dimensions of phyllosoma larvae are given as body length (BL), as mentioned before; cephalic shield length (CL), from the anterior margin between the eyestalks to the posterior margin of the cephalic shield; cephalic shield width (CW), at the widest section of the cephalic shield; thorax width (TW), at the widest section of the thorax; abdomen length (AL), from a level line with the base of the abdomen to the posterior end of the abdomen. The number of pairs of exopodal natatory setae on 2nd-3rd maxillipeds and 1st-4th pereiopods were also counted (a coupled setae on a segment of exopod was counted as being one, and a noncoupled seta was counted as 1 / 2 ). Incomplete segmentation of antennule, antenna and pereiopod was regarded as being unsegmented. The term 'spine' is used for a cuticular outgrowth not having a basal articulation and 'seta' is used for an articular outgrowth of the cuticle. When it is difficult to observe the articulation with the microscope, due to the considerably small structure, it is referred to as a seta. The term 'setule' is given to a short seta arising from the surface of seta. The mandible was not described in the present study because it was difficult to observe the small detailed structures.
RESULTS
Survival and growth
Survival of the initial 10 larvae in the individual culture gradually decreased as they grew, and the rearing was terminated on the 270th day (Fig. 1) . The longest survived larva moulted 17 times and the maximum body length was 13.8 mm (Fig. 2) . Although the survival rate of 21 larvae, transferred from the mass culture, also decreased with development, two puerulus larvae were obtained through metamorphoses from the estimated 21st and 23rd phyllosoma instars at 281 and 294 days after hatching, respectively (Fig. 1) . Their BL in the final instar were 32.7 and 33.5 mm, and those in the puerulus stage were 20.9 and 20.8 mm, respectively. Metamorphoses started soon after sunset and were completed in approximately 10 min. Each puerulus larva died the following morning without hardening of the exoskeleton. Therefore, the description of puerulus could not be given in the present study.
The survival rate in the mass culture was 69.0% at 80 days and 48.3% at 100 days after hatching. After approximately the 100th day of rearing, the mortality considerably increased, and the survival rate fell to 7.7% at 125 days. The majority of mortality occurred in the process of the moult. Although only a few larvae died, none in the mass culture reached the puerulus stage because all of the survivors needed to be sampled for preservation for larval description.
The mean BL of phyllosoma larvae in the individual culture was 1.79 mm in the 1st instar (n = 10), and it increased linearly with larval development (Fig. 2) . This trend was caused by the mortality of greater phyllosoma larvae in each instar after the 11th instar. However, the mean BL at each instar of the 21 larvae from the mass thorax is distinctly narrower than the cephalic shield; the mean value of CW/TW is 1.4820 (range 1.4000-1.6000). The antennule uniramous and unsegmented, with three long sensory setae and a short seta at distal end; a short seta is present at the position of future segmentation. The antenna uniramous and unsegmented, slightly shorter than the antennule. Coxal endite of the 1st maxilla have two long serrated terminal setae and a short subterminal seta; two strong serrated terminal spines and a short subterminal seta are noted at the basal endite along with two short setae of proximal protuberance. The 2nd maxilla consists of a larger basal segment with three short setae in the anterior margin, and a smaller distal segment bearing four long plumose setae. The 1st maxilliped is shaped like a small bud with a seta at the top. The 2nd maxilliped consists of five segments, without an exopod. The 3rd maxilliped is well developed, bearing three pairs of natatory setae on the exopod. The 1st and 2nd pereiopods have exopods which contain five pairs of natatory setae, while the exopod of the 3rd pereiopod is recognized as a small bud. Each 3rd maxilliped and 1st-3rd pereiopod bears a ventral coxal spine with an accessory seta. The coxal spine on the 3rd maxilliped is much shorter than those on pereiopods. The abdomen is parallel sided, longer than the coxa of 3rd pereiopod, bearing a postero-lateral spine with two or three basal setae.
Stage II (Fig. 5): The eyes with stalk
The mean values of CW/CL and CW/TW are 0.7284 (range 0.7029-0.7635) and 1.2634 (range 1.1398-culture increased exponentially. There was a considerable variation in range of BL within each instar except for the first several instars, and overlappings in size between the successive instars were observed after the 7th instar. The mean durations of the early phyllosoma instars (1st to 11th instars) were relatively regular (Fig. 3) . After the 12th instar, it gradually increased for both the first set larvae and those from the mass culture. The sudden increase in the intermoult period from the 11th to 12th instar was related to the decrease of the temperature (from 26.0 to 24.5°C) in which they were reared.
Phyllosoma stages of Panulirus longipes
Fifty-five phyllosoma larvae were classified into 10 stages based on the key characteristics shown in Table 1 . The key characteristics were selected so that there was no overlapping between successive stages in BL. A summary of the sequence of the development is given in Table 2 . Various body dimensions of each phyllosoma stage are presented in Table 3 . Judging from the relationship between BL and stage and the relationship between BL and instar in the individual culture, it appears that the early stages and the final stage consisted of a single or a few instars, while the middle and late stages were composed of several instars.
Description of phyllosoma stages of Panulirus longipes
Stage I (Fig. 4 
): The eyes without stalk
The cephalic shield is pear-shaped in outline, the mean value of CW/CL is 0.8523 (range 0.8235-0.8800). The 
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minute protuberance is recognized in the middle of the antennule. The coxal endite of the 1st maxilla has an additional seta in larger individuals (cf. stage II). The exopod of 3rd pereiopod has three (+1/2) to seven pairs of natatory setae. The 4th pereiopods are indicated as unsegmented buds, shorter than or as long as the abdomen. In well-developed specimens, the exopods of 4th pereiopods appear as rudimentary buds, and the 5th pereiopods appear as minute buds at both sides of the base of abdomen.
Stage IV (Fig. 7) The mean value of CW/CL is 0.5749 (range 0.5625-0.5890). The thorax is wider than the cephalic shield; the mean value of CW/TW is 0.8430 (range 0.8036-0.8600). The antennule consists of two or three segments; the distal segment bears two rows of subter- 1.3810), respectively. The antennule are uniramous, terminating in four long sensory setae. The antenna have two segments. The exopods of the 1st and 2nd pereiopods have six pairs of natatory setae. The nonsetose exopod of 3rd pereiopod is elongated, as long as the abdomen. A pair of minute swellings appear at both sides of the base of abdomen as the rudiments of 4th pereiopod. The abdomen is as long as the coxa of 3rd pereiopod.
Stage III (Fig. 6) The mean value of CW/CL is 0.6243 (range 0.5887-0.6716); the medial part in the posterior margin of the cephalic shield slightly projects out posteriorly. The thorax is nearly as wide as the cephalic shield, the mean value of CW/TW is 1.0102 (range 0.9022-1.1810). The antennule bears a row of subterminal sensory setae; a minal sensory setae on the inner margin. The basal endite of 1st maxilla has two strong serrated terminal spines, one or two subterminal setae, and two setae at the basal protuberance. The 1st maxilliped is becoming relatively smaller than in the previous stage, and the apical seta has disappeared in many specimens. The 4th pereiopod has two segments, the coxal segment slightly demarcates from the thorax; the distal segment possesses a non-setose exopod. The 5th pereiopod is indicated as a bud.
Stage V (Fig. 8) The outline of the cephalic shield is becoming more oval than pear shaped, and the mean value of CW/CL is 0.5579 (range 0.5429-0.5714). The mean value of CW/TW is 0.8177 (range 0.8028-0.8358). The antennule has three segments. The coxal endite of the 1st maxilla has two long serrated setae and two to four short subterminal setae. The 2nd maxilla has three or four apical plumose setae on the distal segment. The 4th pereiopod is well developed; the exopod is seen with four to seven pairs of natatory setae. The ventral coxal spines on the 2nd and 3rd pereiopods have disappeared in some individuals. The rudiments of uropod are indicated as a pair of faint swellings in the middle of the abdomen in many individuals.
Stage VI (Fig. 9) The mean values of CW/CL and CW/TW are 0.5551 (range 0.5466-0.5712) and 0.7751 (range 0.7414-0.8151), respectively. The antennule has four segments; the distal end of the third segment has developed to a cylindrical process; the fourth segment has three to eight rows of subterminal sensory setae on the inner margin. The antenna consists of two to five segments. The basal endite of the 1st maxilla has two or three strong serrated terminal spines. The 2nd maxilla has zero to four apical plumose setae. The bud of the 5th pereiopod is located at a distance from the base of the abdomen. The coxal ventral spines on the 2nd and 3rd pereiopods have disappeared, and those on the 3rd maxilliped and 1st pereiopod remain in less-advanced specimens. Minute swellings are visible on the abdomen as the rudiments of pleopod in some individuals. The uropod has developed to a bud without cleft. The telson is differentiated in well-advanced individuals. The abdomen is slightly broadened at the base.
Stage VII (Fig. 10) The mean values of CW/CL and CW/TW are 0.5770 (range 0.5510-0.5922) and 0.7838 (range 0.7500-0.8026), respectively. The fourth segment of the antennule has eight to 15 rows of subterminal sensory setae on inner margin; the cylindrical process on the third segment is elongated, about one-quarter to two-fifths the length of the fourth segment. The antenna has five segments, as long as or slightly longer than the antennule. The 2nd maxilla has become swollen, with three short setae on the anterior margin; the apical natatory setae are absent. The 1st maxilliped becomes a conical bud. The 5th pereiopod is elongated, about one-third the length of the abdomen. The coxal ventral spines have disappeared on all maxillipeds and pereiopods. The pleopods are indicated as four pairs of small buds. The uropods have developed to buds, appearing to be cleft or biramous.
Stage VIII (Fig. 11) The mean values of CW/CL and CW/TW are 0.5841 (range 0.5780-0.5902) and 0.7792 (range 0.7689-0.7895), respectively. The antenna has increased considerably in length, longer than the antennule. The distal portion of the 2nd maxilla has distinctly expanded posteriorly, fringed with nine to 12 short setae; the anterior margin of the proximal portion is slightly projecting anteriorly. The 1st maxilliped is indicated as a rectangular bud. The 2nd maxilliped has a small exopod bud, which is located on 2/3 distal of the basis. The 5th pereiopod has two segments, extending posteriorly beyond the 4th pleopod. The pleopod buds have become bifid or biramous. The biramous uropod is well developed, reaching beyond posterior margin of the telson. The abdomen is weakly segmented.
Stage IX (Fig. 12) The mean values of CW/CL and CW/TW are 0.6123 (range 0.5870-0.6474) and 0.8196 (range 0.7714-0.8409), respectively. The terminal sensory setae on the fourth segment of antennule are absent in several individuals; the cylindrical process on the third segment is about half the length of the fourth segment. The antenna is about twice as long as the antennule. The coxal endite of the 1st maxilla has two or three long serrated setae terminally and eight to 12 setae subterminally. The proximal portion of the 2nd maxilla has expanded anteriorly more than in stage VIII, with three to five short setae on the anterior margin; the distal portion has become further swollen, and is bordered by 32-55 short setae. The 1st maxilliped has developed to a trilobed bud. The exopod of the 2nd maxilliped has three to five (+1/2) pairs of natatory setae. The 5th pereiopod is developed, with four or five segments. The biramous pleopod is weakly segmented, with the rudi- 
DISCUSSION
Larval growth
Two phyllosoma larvae of P. longipes have been successfully reared from hatched larvae to puerulus stage in the present study. Among the panulirid lobsters in the phyllosoma phase, this is the second species that has been successfully reared in a laboratory setting. Sekine et al. obtained 325 puerulus larvae of P. japonicus by rearing larvae hatched in the laboratory from 1989 to 1997, and reported that the length of phyllosoma life ranged from 231 to 417 days (mean 319.4 days) at 24-27°C. 21 The phyllosoma lifespans of P. longipes in the present study (281 and 294 days) were within the range of P. japonicus reported by Sekine et al. 21 However, judging from the low survival rate in the present study, the rearing conditions were considered suboptimal for the phyllosoma larvae. In larvae of several decapod crustaceans, suboptimal rearing conditions caused the slow growth. 11, 14, 24 Further studies for the improvement of rearing techniques are needed to clarify the period of phyllosoma life of P. longipes in the laboratory.
Phyllosoma stages of Panulirus longipes
Michel described phyllosoma stages IV-XII of P. longipes based on plankton samples from New Hebrides, 6 and showed the complete sequence in the development by adding the first three stages of Saisho and Nakahara. 22 Prasad et al. also obtained P. longipes phyllosoma larvae from the east Indian Ocean, and assigned the stages V-XII according to the similar criteria. 9 Although our phylments of appendix interna on the inner ramus. The uropod is seen with serrations on the lateral margin of both rami. Segmentation of the abdomen is becoming apparent. Rudimentary or short (unilobed) gill buds have occurred on the 3rd maxilliped and 1st-5th pereiopods in several individuals.
Stage X (Fig. 13) The value of CW/CL is 0.6100, the widest part is located slightly closer to the anterior end than to the middle of the length. The value of CW/TW is 0.8125. The cylindrical process on the third segment of the antennule is elongated, longer than half of the fourth segment. The antenna is about three times as long as the antennule. The 2nd maxilla has 56 fringing short setae. The middle lobe of the 1st maxilliped is nearly reaching the lateral margin of the 2nd maxilla; the posterior lobe has expanded greatly. The 5th pereiopod has five segments, extending to the posterior margin of the 5th segment of abdomen. The pleopod is distinctly segmented, with a bud of appendix interna. A full complement of gill buds is present on the 2nd and 3rd maxillipeds, and 1st-5th pereiopods. (For the 2nd maxilliped: a slight bilobed bud is on the dorsal side of the coxa and a small bud is on the edge of the thorax. For the 3rd maxilliped and 1st pereiopod: a bilobed bud is on the dorsal side of the coxa and the unilobed buds are on the edge and the dorsal side of the thorax. For the 2nd to 4th pereiopods: a bilobed bud is on the dorsal side of the coxa, a unilobed bud is on the edge of the thorax and two unilobed buds are on the dorsal side of the thorax. For the 5th pereiopod: a unilobed bud is on the dorsal side of the thorax.) 
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losoma larvae appeared to have many similarities to their larvae in morphology, our larvae could not be divided into the stages based on their staging criteria because a few minor differences in the development of appendages were apparent, particularly with respect to the 2nd maxilla and 2nd maxilliped. Furthermore, there was another reason why their criteria were not useful in describing the larvae of this study: they had determined the stages using plural characteristics simultaneously. The progress rate of each appendage was more or less different for each larva, and the appendages did not always develop synchronously. Therefore, it was impossible to clearly assign phyllosoma stages to all specimens using their characteristics. For instance, Michel's stage V larva simultaneously has both a protuberance on the third segment of antennule and the 4th pereiopod possessing plumose setae on the exopod. In the present study, however, some larvae, which had the protuberance on the antennule without a setose exopod on the 4th pereiopod, were observed. The larvae could not be assigned any stage based on their criteria. Single key characteristic to each particular stage is important to assign phyllosoma stages, especially in the later stages, where individual variation in the development of appendages is great.
In the present study, 10 phyllosoma stages were given to the larvae of P. longipes. However, the observation of morphological changes in the larvae cultured under laboratory conditions suggested that the morphological development was continuous when it was seen in a group and there was no definite gap in the sequence of development except for the early instars, where distinct morphological changes were observed with ecdyses. Therefore, the stages were arbitrarily decided to describe the morphological changes in the larval development. The stages may have no meaning for the larvae. Johnson also stated that identification of each stage for phyllosoma larvae was arbitrary and this number could be increased or decreased based on how many features were included in the criteria. 25 Jasus edwardsii; 30 and 13 stages for Jasus lalandii. 31 Hereafter, it will be important that the assignment of stages is discussed on the basis of the relationship between morphological and physiological or behavioral changes. Saisho and Nakahara hatched and reared phyllosoma larvae of P. longipes to 4th stage in the laboratory, and described the phyllosoma larvae of the species. 22 Their stage I larvae, however, are different from those in the present study; for example, larvae are described as being smaller (1.20 mm instead of 1.78 mm in BL) and having more natatory setae on the exopods of the 1st and 2nd pereiopods (seven to 10 pairs instead of five pairs).
Johnson took stages V-IX and XI of P. longipes phyllosoma larvae in the South China Sea, and simply described and illustrated the phyllosoma stage IX (24.3 mm in BL). 7 It appears that his stage IX conforms with our stage IX . Berry reported P. longipes phyllosoma larvae from the Natal Coast in South Africa. 8 His illustrated specimen (24.0 mm in BL) corresponds to our stage VIII except for the less advanced development of the exopod on the 2nd maxilliped.
Sekiguchi described a late stage phyllosoma larva (21 mm in BL). 10 His specimen also resembles the stage VIII of this study except for the wider cephalic shield.
It is uncertain whether the discrepancies between our larvae and those described by other studies were due to growth conditions (natural and artificial conditions) or to the variation in the development. Moreover, there may be differences among the P. longipes subgroup (two subspecies of P. longipes and P. albiflagellum) in morphology of phyllosoma larvae. It is necessary to compare the morphological features of phyllosoma larvae of the P. markings, and classified them as the P. japonicus group. 1 Panulirus japonicus and P. longipes in the group are distributed along the coast of Japan.
1-3 Therefore, phyllosoma larvae of these species should be found in the neighboring waters of Japan. Phyllosoma larvae of P. longipes in Japanese waters are probably composed of all species and subspecies in the subgroup according to the distribution of the lobsters 1, 3, 5 and the considerably long phyllosoma life.
In the seas surrounding Japan, phyllosoma larvae regarded as P. longipes or P. japonicus have been collected by several workers. [32] [33] [34] [35] Oshima reported two forms longipes subgroup and clarify the developmental variation relating to growth conditions.
Morphological differences between phyllosoma larvae of Panulirus longipes and Panulirus japonicus
Of 11 Panulirus species inhibiting the Indo-West Pacific region, George and Holthuis recognized a homogeneous group consisting of five species (Panulirus japonicus, P. pascuensis, P. marginatus, P. longipes and P. cygnus) based on the examination of morphological features and color
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(forms E and F) of phyllosoma larvae of Panulirus. 32 Thereafter, Murano described five forms (forms A-E) of late-stage Panulirus larvae. 33 Murano stated that his form A was very similar to Oshima's form F, and speculated that his forms A and B may be referred to P. japonicus or P. longipes. Nonaka et al. examined the relative growth of some body dimensions to BL in Panulirus phyllosoma larvae in Japanese waters and mentioned that Murano's form A (Oshima's form F) might be a combination of P. japonicus and P. longipes and Murano's form B probably belonged to other species. 35 Thus, the morphological differences between phyllosoma larvae of the two species have never been understood.
Although we have tried to morphologically compare the phyllosoma larvae of P. longipes obtained in this study with those of P. japonicus described by Inoue, 15 the distinction between phyllosoma larvae of the two species was not found except that P. longipes has greater body length and ratio of width to length in cephalic shield in the later stages than P. japonicus does. In P. longipes, BL of the penultimate stage ranged from 25.0 to 31.0 mm (mean, 28.18 mm; n = 4) and BL of the final stage was 34.6 mm. In P. japonicus, the range of BL in the penultimate stage was 19.3 to 22.9 mm (mean, 20.46 mm; n = 12), and BL of the final stage was 29.64 mm. However, because Sekine et al. described that the final stage of P. japonicus showed the considerably wide range from 28 to 34 mm in BL (mean, 31.3 mm; n = 12), 21 BL is not consistent enough for distinguishing the two species. Furthermore, the ratio of width to length in cephalic shield (0.610 in P. longipes vs 0.567 in P. japonicus in the final stage) is also not useful to clearly separate the two species because Japan Sea Farming Association reported that the ratio in P. japonicus phyllosoma larvae varied with the rearing conditions, and the range from 0.52 to 0.62 for the larvae larger than 25 mm in BL can be read off the figure (No. 48) of the report. 36 Hence, the present study cannot show the morphological differences between the two species. Since some appendages, such as 1st and 2nd maxillae, of P. japonicus larvae were not described in detail by Inoue, 15 further observations of the appendages are needed to examine the morphological differences of the two species.
